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Abstract 
This study aimed to evaluate the effect of application of microbial transglutaminase (MTGase) in breadmaking, 
through the development of ideal formulation, with combinations of additives and enzyme, and the evaluation of the 
effect of the enzyme on proteins. To verify the enzyme effects, three formulations were tested: Base formulation, 
characterized by the absence of enzyme and emulsifying agents (bread Zero); Control formulation, comprised by the 
presence of emulsifying agents and ascorbic acid (bread Control), and the formulation prepared with the Base 
formulation and enzyme (bread MTGase). Protein fractions of gliadins, glutenin and waste extraction were obtained 
from samples of flour, dough and bread. The gliadins and glutenin were analyzed by RP-HPLC (reversed phase high 
performance liquid chromatography). The best formulation was obtained using a experimental design, with variations 
in the concentrations of emulsifying agents, ascorbic acid and enzyme. The results were evaluated by response 
surface methodology, which values are 0.6% of transglutaminase, 0.2% of emulsifying agent and 70 ppm of ascorbic 
acid. The analysis of gliadins fractions showed about 3% protein, dry basis, and glutenins fractions were between 2 
and 5% protein. The results indicated that the enzyme modified chemical and functional properties of glutenins 
fraction, improving dough strength and bread volume. Results of total nitrogen content, and chromatographic profiles 
of the protein fractions suggest that while glutenins proteins were modified by enzyme, gliadins proteins were not 
affected. 
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1. Introduction 
 Wheat is one of the most important cereal for the man. Brazil is certainly a competitive producer of 
wheat. It has cheap labor and, more importantly, can have two harvests per year. Several surveys show 
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the importance of bread, pasta and other wheat products in the Brazilian diet. Per capita consumption in 
the country is 50 kg of wheat flour per year, with bread accounting for 54%, ie 27 kg/per capita year [1].  
Food manufactures have sought innovative technologies, for both products and for processes that 
diversify the choices of raw materials and increase their profits, maintaining quality and competitiveness 
of the products. Therefore, the search for new ingredients in the food industry has grown in recent years 
and is now a worldwide trend. 
Among these innovative ingredients, there is the enzyme transglutaminase, an internationally 
recognized enzyme, which catalyzes the formation of cross-links without the use of chemical oxidation 
methods. Transglutaminase (protein-glutamine J-glutamyltransferase, EC 2.3.2.13) catalyzes acyl transfer 
reactions by introducing covalent bonds between proteins [2].The characteristics of proteins are one of the 
main parameters that affect the quality of wheat flour and therefore the breadmaking quality [3].  
The amount of protein can be determined precisely, but the quality is extremely complex and very 
difficult to measure. Physical and chemical interactions probably occur in a too complex way to result in 
the appropriate quality of protein for a specific type of product and process. Some authors [4] reviewed 
the structural models for the formation of the dough and discussed chemical interactions that could 
influence the structure, with emphasis on reactions of disulphide. According to study [5], the flour may 
contain at least 50 different protein subunits: 4-6 glutenin high molecular weight (HMW), up 15 glutenin 
low molecular weight (LMW), and 30 or more gliadins monomer (D-, E-, J- and Z-). Authors [6] reported 
that glutenins from high quality wheat varieties make more and larger aggregates. Results showed 
stronger hydrophobic associations in aggregates of glutenin highest quality wheat with a high degree of 
polymerization by disulphide bonds. The correlations between protein content and composition on the 
properties of gluten and rheological properties of the doughs of wheat flour were summarized by Lásztity 
[7]. In a accordance with researcher, a protein of insoluble matrix is an essential prerequisite for the 
formation of a cohesive dough; a quantity of insoluble protein is essential to form a continuous protein 
phase in the presence of starch and water; the ratio of gliadins/glutenins and the size of glutenin polymers 
has a significant effect on the rheological properties of dough. 
Dough conditioners were developed to address the deficiency in quality. Oxidizing agents, ascorbic 
acid, azodicarbonamide and potassium bromate are the most used so far. But due to recent indications that 
some dough conditioners can cause cancer, the use of these compounds has been restricted [8]. 
The use of enzymes is the best alternative compared with chemical compounds because they are 
generally recognized as safe (GRAS) and do not remain active after baking. The enzymes act by different 
mechanisms and can induce changes in the forms of polymerized subunits of glutenin and become soluble 
proteins by improving their functional properties. Gerrard et al. [9] were the first researchers who used 
the MTGase in wheat-based products. They suggested that the enzyme could have beneficial effects 
during the manufacture of bread comparable to those produced by traditional oxidants improvers. 
Ajinomoto Co.Inc. (Tokyo, Japan) owns the worldwide patent for the production of MTGase produced by 
fermentation by the microorganism Streptoverticillium mobaraense intended for use in foods. In Brazil, 
its usage is still restricted to meats and seafood sectors. 
In this paper we used the enzyme preparation Active®, STG-M, which consists of a mixture of starch 
and enzyme MTGase and intended for use in fresh and dried pasta, breads, pasta, pizza and more. 
The aim of this study was to evaluate the use of transglutaminase as an improver agent in the 
manufacture of bread dough, and compare the functional and molecular effects with the action exerted by 
traditional improver, through the evaluation of the application of the enzyme in the protein fractions of 
gliadins and glutenins, the raw dough, the dough after fermentation and the final product. 
2. Materials & Methods 
The procedure of sequential extraction, fractionation by solubility Osborne, adapted by Bietz and Wall 
[10] was used with few modifications. Continuous stirring was used for each extraction step for 60 
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minutes except for rinsing of gliadins (30 minutes). Soluble and insoluble fractions were separated by 
centrifugation at 20500 xg for 20 minutes at each step of extraction. 2,0 grams of flour and 3.0 grams of 
dough were used for each extraction. Albumins and globulins were extracted at 5 °C with 30 mL of 
sodium phosphate buffer 0.05 mol/L (pH=7.8), plus 30 mL of NaCl 0.1 mol/L and Triton X110, 20 g/L. 
The two supernatants were combined. The gliadins were extracted at 20 °C with 70% ethanol (v/v), first 
with 30 mL and then the residue was rinsed with 20 mL and stirred for 30 min. The two supernatants 
were combined. The protein content of each fraction was determined by Kjeldahl (factor=5.7). After 
extraction of gliadins, the residue (glutenins and starch) was used for extraction of glutenins. 
The glutenins were extracted at 20 °C with stirring for 60 minutes, followed by centrifugation at 20500 
xg for 20 minutes. The extraction was performed with 30 mL of tetraborate buffer 0.05 mol/L (pH=8.5), 
2-mercaptoethanol 2% (v/v), glycine 1 g/L and urea 6 mol/L and adapted from Burnouf Bietz [11] by 
Larré et al. [12] and Nicolas et al. [13]. To avoid glutenin subunits repolymerization during the 
chromatographic analysis, it was made the alkylation of these subunits by the addition of 235 PL of 4-
vinylpyridine for each 5 mL of extract, as described by several authors [12,13]. After removing the air 
with nitrogen, the tubes were closed, shaken by hand and heated for 30 minutes at 60 °C. Residual 
polysaccharides were precipitated by adding 2-propanol 100% in a 1:1 ratio. An aliquot was centrifuged 
at 20500 xg for 20 minutes before the injection into the liquid chromatograph column. 
The chromatographic fractions of proteins were made using an HPLC system: consisting of a Varian 
9012 pump, a column Chromspher C8, 250 x 4.6 mm, particle internal 5 Pm and UV visible detector 
9050, column temperature of 50 °C, sample volume of 20 PL.
The elution system used: A) Trifluoroacetic acid (TFA) (0.1%), v/v), B) Acetonitrile (ACN) + TFA 
(99.9/ 0.1%, v/v), varying the gradients. The flow rate was 1.0 mL/min, detection was by UV absorbance 
of 210 nm. These systems were used for elution in the final samples of flour, dough and bread, for the 
separation of protein fractions of gliadins and glutenins. 
3. Results & Discussion 
Moisture and protein for the doughs were evaluated before fermentation (M1), after 150 minutes of 
fermentation (M2) and the bread after baking. All samples were removed during the manufacturing 
process of bread and then analyzed. Part was frozen at -30 qC and analyzed by chromatography. The 
doughs and bread Zero, bread Control and bread MTGase were analyzed. Samples M1, M2 and breads 
were submitted to extraction. The extracted fractions of albumins, globulins, glutenins and gliadins were 
separated and analyzed (Tables 1and 2). 
Table 1. Levels of protein and moisture of doughs and bread 
Samples  Moisture (%) Protein (%) (dry basis) 
 bread Zero M1 39,2 r  0,7b 12,0  r  0,3 a
 M2 38,2 r  0,5b 12,0  r  0,2 a
 P 31,5 r  0,9a 11,76 r 0,07 a
bread Control M1 39,9 r  0,3b 12,0  r  0,2 a
 M2 39 r  1b 12,2  r  0,2 a
 P 32,5 r  0,4 a 11,6  r  0,1 a
bread MTGase M1 39,2 r  0,5b 12,4 r 0,3 a
 M2 38,6 r  0,8b 12,8 r 0,2 a
 P 34,9 r  0,2 b 11,6 r 0,3 a
Means with different letters in the same column differ statistically (p <0.05) by Duncan test.  
The amount of water added in the final product of MTGase was higher than for the other breads, 
Control and Zero, which could mean a significant increase in product yield. Gerrard et al. [9] reported 
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increased absorption of water by 6% (from 62% to 68%) to breads added of TGase, thus representing a 
potential cost savings to the bakery industry, which could compensate the additional cost of the enzyme. 
Table 2. Levels of protein fractions of dough and bread(i, ii)
  Albumins/Globulins Gliadins Glutenins Residues Total Protein  
Flour 1,85 r 0,05 2,90 r 0,01a  5,4 r 0,5a 1,50 r 0,03a 12,6 
Flour + TG  -  - 4,8 ± 0,1b 2,7 ± 0,2b 12,8 
bread MTGase 
M1 1,44 r 0,01 2,84 r 0,06ª,b 4,00 r 0,02c 3,80 r 0,05c 12,4 
M2 1,38 r 0,09 2,95 r 0,09a 2,23 r 0,01d 5,90 r 0,01d 12,8 
Bread 1,30 r 0,01 2,85 r 0,03ª,b 2,2 r 0,3d 5,04 r 0,07e 11,6 
bread Zero 
M1 1,56 r 0,01 2,8 r 0,2b,c 5,0 r 0,1b,e 2,3 r 0,2f 12,0 
M2 1,6 r 0,1 2,75 r 0,01c 4,10 r 0,06c 3,0 r 0,1g 12,0 
Bread 1,85 r 0,06 2,95 r 0,02a 5,15 r 0,02e 1,7 r 0,1h 11,76 
(i) The levels (%) of protein fractions and protein are presented on a dry basis and the conversion factor (5,7). (ii) Means values of 5 
determinations. Means with different letters in the same column differ statistically (p<0.05) by Duncan test.  
The results of the table 2 showed that the amounts of protein residues in M1 of the doughs are smaller 
than those found in M2. These significant differences (p<0.05) can be observed both for the bread Zero 
(2.3% to 3.0%) and bread  MTGase. (3.80% to 5.90%). However, the difference between the amounts of 
protein samples of bread MTGase is much larger and can be explained by the presence of the enzyme that 
can promote the polymerization of the subunits during the 150 minutes of rest dough. These results are 
consistent with those found by Aussenac et al. [14] who worked with different methods to verify the 
presence of protein polymers in residue. According to these authors, the mechanisms of depolymerization 
and repolymerization of the glutenin fractions, especially the high molecular weight seem to explain the 
results. 
The fractions of gliadins were eluted according to the different hydrophobic surfaces (Z, D+E, and J-
types of gliadins) to extract gliadins. 
The quantities of samples used were 2.0 grams of wheat flour, 3.0 grams for the doughs (fermented or 
not) and also for bread. The samples were removed during the manufacturing process of the breads and 
remained packed and frozen at -30 qC until analysis. All extractions were done in triplicate.  
The chromatographic profiles produced by proteins extracted from samples removed during the 
process of bread Zero are shown in Figure 1. 
Fig. 1. Chromatographic profiles of gliadins fractions from dough M1, M2 and bread Zero. I=Z-gliadins, II=D and E-gliadins and 
III=J-gliadins 
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Small changes in protein profiles are observed in the doughs after beating and after fermentation. The 
more evident changes were found in the gliadin fractions obtained of bread, but it is important to consider 
the heating and consequently, the protein denaturation due to heating. 
During the process of bread MTGase, samples were collected, and were treated and submitted to 
chromatographic analysis. The protein profiles are shown in Figure 2. 
Fig. 2.Chromatographic profiles of gliadins fractions from doughs M1, M2 bread MTGase. I=Z-gliadins, II=D and E-gliadins and 
III=J-gliadins 
The same behavior observed previously, is repeated for the doughs and bread with MTGase, which 
just in this stage of the process was possible to detect changes in gliadins after baking. 
Finally for the bread Control, it was also used the same procedure for the samples and analysis. The 
chromatograms are shown in Figure 3.  
Fig. 3. Chromatographic profiles of gliadins fractions from doughs  M1, M2 and bread Control. I=Z-gliadins, II=D and E-gliadins 
and III=J-gliadins 
Observing the chromatographic profiles presented by gliadins in the doughs M1 and M2 of bread Zero. 
It can be concluded that there was no difference in protein behavior after mixing and during rest. It seems 
that the mechanical tension applied to the dough during the mixing, does not affect the structure of the 
molecule. The same may be considered for the other two breads, bread  MTGase and bread Control. 
Although most studies with gluten proteins are targeted to high and low molecular weight glutenin 
subunits and the evidences of interactions, inter and intra-molecular affected  positively the quality 
attributes such as texture of dough and crumb and the volume of the finished product. Fido et al. [15] 
stated that not only the glutenin, the gliadins also affect quality. 
After the separation of gliadins in the supernatant, the residue was used for extraction of glutenins. The 
reduction of disulfide bonds of glutenins needed to analyze due to the high molecular weight and poor 
solubility, produces a mixture of proteins that have been called subunits, although not all of these subunits 
are linked by disulfide bonds, and some are kept within the aggregates glutenins by secondary 
interactions or non-covalent. Glutenins reduced, with sulfhydryl groups blocked to prevent oxidative 
polymerization, can be analyzed by SDS-PAGE or HPLC [16]. The chromatographic profile produced by 
proteins extracted from wheat flour is in agreement with those presented by Johansson et al [17] and 
Seilmeier and Wieser [18], with the order of elution fractions of the HMW-GS (less hydrophobic) and 
then the LMW-GS. 
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The chromatographic profiles of glutenins fractions from production of bread Zero are shown in Figure 
4.
Fig. 4.  Chromatographic profiles of glutenins fractions from doughs M1, M2, bread Zero. I=HMW-GS; II=LMW-GS 
Figure 5 shows the chromatographic profiles of glutenins fractions extracted from the doughs M1 and 
M2 and bread supplemented with 1% enzyme, bread MTGase. 
Fig. 5. Chromatographic profiles of glutenins fractions from doughs M1, M2, bread MTGase. I=HMW-GS; II=LMW-GS 
The differences between the profiles of the flour, the doughs M1 and M2 for the bread Zero and bread 
MTGase were clearly in high molecular weight glutenin subunits (HMW-GS), the least hydrophobic. It 
can observed a decrease in the amount of peaks presented for the flour in relation to the doughs of any of 
the breads. The content of glutenin in flour was 5.4%, while for the doughs M1 and M2, the levels were 
lower, 4.00 to M1 and 2.23 for M2 on bread MTGase, and 5.0 to M1 and 4,10 to M2 for bread Zero. 
For the profiles of the doughs of bread Zero it was observed that there was a decrease in peak height 
for the HMW-GS, M1 to M2, which may mean that during the rest of the dough decreased the soluble 
glutenins, or also an increase of non-extractable glutenins, in the residue. The contents of glutenins from 
M1 and M2 showed significant differences (p <0.05) and their values were 5.0% and 4.10%, respectively 
(Table 2).  
For the profiles of M1 and M2 of bread MTGase, besides the reduction observed between them, there 
is an even greater reduction when compared with the results of bread Zero. Regarding the results of Table 
2, the content of glutenins for M1 was 4.0% and for M2, 2.23%, with significant difference (p<0.05). This 
confirms the hypothesis that a greater number of glutenins fractions are repolymerized in the presence of 
the enzyme, in line with observations of Aussenac et al. [14]. 
According to Gerrard et al. [9], pasta and products made from wheat flour, the proteins play an 
important role in determining the quality and functional and rheological properties of these systems. 
These authors showed that cross-links formed between the proteins of wheat by the action of MTGase 
greatly influenced the characteristics of breads and croissants. Other work performed by Larré et al. [19], 
Caballero et al. [20], also showed that the addition of MTGase improved the functionality of the flour 
proteins through the formation of large polypeptides resulting in decreased solubility. Although most 
researchers argue that the HMW-GS protein fractions are the most affected, Autio et al. [21] with the 
LMW-GS, Bauer et al. [22] with the D-gliadins reported that such fractions may also be substrates for 
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MTGase. The phase of the baking process where the functionality of gluten can be critical is the 
development of the dough. Researchers have shown that the amount of insoluble glutenin decreased 
during mixing and increased again during the rest of the dough, although the nature of the polymer before 
the mixture is different from that after mixing [23]. Bonet et al. [24] demonstrated that low levels of 
MTGase result in positive effects on the characteristics of crumb and crust of the bread and the 
rheological properties and physical-chemical properties of the dough [8]. More over, they also suggested 
that the effect of MTGase is similar to that of oxidants, and when added to optimal levels, resulting in 
improvement in the properties and quality of bread. The action of MTGase also becomes weak gluten in 
stronger gluten through its effect on the rheological behavior [19].  
4. Conclusion 
From the results obtained in this study, we conclude that the chromatographic analysis revealed the 
influence of the enzyme in glutenins, but not in gliadins. The rest of the dough reduced the extractability 
of glutenins, and the doughs containing the enzyme reduction was more pronounced. This effect would 
contribute to improving the quality of breadmaking.
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